SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN that we, MASAHIRO ISHIDA a subject of Japan and 
residing at Nerima-ku, Tokyo, Japan, TAKAHIRO YAMAGUCHI a subject 
of Japan and residing at Nerima-ku, Tokyo, Japan and MANI SOMA a 
subject of U.S.A. residing at Seattle, WA U.S.A. have invented certain new 
and useful improvements in 

"APPARATUS FOR AND METHOD OF MEASURING JITTER" 

and we do hereby declare that the following is a full, clear and exact 
description of the same; reference being had to the accompanying drawings 
and the numerals of reference marked thereon, which form a part of this 
specification. 



APPARATUS FOR AND METHOD OF MEASURING JITTER 

$£5fcfflMi?y$ (period jitter) (DMfetel± s $ <i A-f J*)V • Tj-^J 

If (Time Interval Analyzer) ^ti/n^3-7 (oscilloscope) ifiRl^btlX 
U2> 0 :iif.li-lfn^nxH (Zero-crossing Method) tm^ti^ 0 1 (i^t 
ZSlzmtaXVHAWlPLL. (Phase-LockedLoop) 1 lfrt><D#U y (M'J 
fem^) x (t) #*>f A^ >*-r?;i/7^7>f If 1 2^ft^n5o MJ^M 
^•x (t) fct lo©£±D £Mb&©:£±0£ s ;&!!©£ 5 M:£±D© 

mmmm mm (period)) MJ^U ffi8§©Jg£>g (fluctuation) St^h^ 
?&m9f (histogram analysis) lz £ *) Mfet Z> <> ^©t^h^A^ 08 
B2i:^ti9i:^^A^ -nVi^^-^-tf 1 2i:I^^tiSc $4 A^ > 
^i/T^-* -tftcoi^Tteu D.Chu, "Phase Digitizing Sharpens 

Timing Measurements" IEEE Spectrum, pp. 28-32, 1988. J.Wilstrup, "AMethodof 
Serial Data Jitter Analysis Using One-Shot Time Interval Measurements" , 
Proceedings of IEEE International Test Conference, pp. 819-823, 1998. CiSiS 

Tektronix ft^LeCroy %fcf± s jfi^ MUSS (Interpolation method) Sffl^T 

^tz.Vy#ffl%.l5&. dSra^— X • S?y*8!l^;#$£ (interpolation-based jitter 
measurement method)) ii N V>7V >?£fttc&mMfc-%<DMM7 : ~--9<D$%m 

T-9mfflfc&t)iiu>7nxffl(DmftofRm (mm) &/j^&sim-«^u 

o*t)S3t^t«t5t:x tilPLLl 1 fr£>©Mi]£{f^x (t) fcfc^ 
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2 



StJ:5tX**nfc«»S«x (t) tt7tn^^**fl5^ 

RMS & Peak-to-Peak Detector 19ttto^^o ««MJ^«^x (t) # 

Ctl^Mb^-CD^W#^«^T.J.Yamaguchi J M.Soma,M.Ishida,T.Watanabe s and 
T.Ohmi, "Extraction of Peak-to-Peak and RMS Sinusoidal Jitter Using an 
Analytic Signal Method, » Proceedings of 18th IEEE VLSI Test Symposium, 
pp.395-402,2000.T?WTKl^4^^^M^«*** bfc8 HPt>(8 6 C**-* 
tEtPLL (Phase locked loop) HISS 1 l^<07tPWn^» 

^{H-^z c (t) c^nso 

^©Wrffl^z c (t) ^«««^2 6t^0^i^x c (t) ©S^E$ 
fcffl© (t) **J6S*nao iffiWiSP (t) t±U=7<ftffl»i£«2 7TU 

-T^a>b^*^ti-c«OT*6^»A0 (t) #f*£>ft*o 

^©«^H^A0 (t) W^n^>^2 8Wr'J>m. 
* >^$>**M?!IA0 [n] ^bTt?-^y ^-^f&ffi^ 3 2|C ^ S ^ 
A0 [n] (=A0 (nT)) ©i^tf-^Imax (A0 [k]) fc. **t:-* 
Imin (A0 [k]) ^©M^^^-^l^^^^^^^^^^®^-^^^" 
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A<|) DD = max(A(j>[k]) - min(A(t>[k]) 
k k 

02it¥^ (RMS) 



1 N" 1 „ 
iN k=0 

sfyy*<D2m¥®WL^ »ffilfA0 (t) 

ai^S^C^A^V^T*^ KBSia (dead-time) h^APUr^ 
#fi£?©*fHffi (overestimation) tSiiV^ISI^S. 

• Tj-vjyizxzmfemi . 7 2ps (rms) c^i^ 
mmmts. 4 7ps (rms) tfe^ y>^isa^ibtv^«o 

i:*)^^-9->r U >^T*?ML-<:v^ (C©^S£H^n^nx^ (adaptive 
zero-crossing points approximation) tW&) tzti). {S^llft'fbC^^ ^> 5®PJ 
S*-fbtb (oversamplingrate) ififr®£% v $mfefc&tf 2>mMti^£teZ>°5 
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I i I 

)l iz o 

£©3P£©^y #$1^9^ WJ^ff-^©^ n^n^csa^S^&ja 
bt«l5£U ±!33fiM-tf n^nxj^i:MiJ^H-^©-^n^nx 
^ © tt*B gRU * * #> s ^ n * u x 7 s - 9 M m £ HJ # "T £ ffiffl mmMfe^ 

•V4 2)\>nmv v #mfe^&%mzmmtz> zttms b^ 0 

±SH*SS £IB^ © ^ * # m & * 45 a V y *? tfttH ^ IS * S S £ i: #M * b 

=r - * & t±> -tf n z u % & t wj^ft # © -t? n * n x ^ ©&*g mm % mm b s 

> y^m^m^T %Mmw^m&^&%£ ^izm^ir %> z ttms. b^„ 
±mmm v v $ m&^m&. ±is-t? u & n ^tei^sr-^ # xts $ *u 



-4- 



» 4 < 

m & ffiiE -r % mm v ? * mnmiE^m t ^ & n<i <r z t tm t. b v ^ 0 

hlifimt b^o 

. . t:-^tfctfj3Mg N ««&$tLfe^y^^J©— Ml^iSfiS (RMS 

£ © % BJ! £ <fc 3 v y * $J5£ # ^ fcfc N »J/£fa © £ # n * n ;* j& k: 2r 
^SM-tf n^DX^ bTjfj£U ±fBi£M-tf n £ n^hMJ^t n ^7 
n x &(DtiLfflWM ^5fc»s -if n ^ n ^fiffil&M^- * £J£^ 3 * 5=- y 7° 
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U7U7.-7 4 X > Plz^^M?-* 7" V >^UiS^n^n7 • 

-t? n # n 7& iiM^j^s-^©-^ n * n xticDttLmmmzmw u -if □ * n x&m 

> 7° U > ^ SHI £ ±83^ d £ nxfililif- 7fr*b WM$Ja8im 

■9- > r u y 7mm t±$w xi 7 n xiiLmmmy'~7 mij^«-§-<z>ip$^jm 
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m M (D m ^ £ M £ ife 1* 3 X "r v ~? £ s ±SBHfM1E$CM£l&£*ifcM-5£-t33® 

y*CD&V^ n y^fa-^tts 3££J3I$&R (fundamental frequency) f 0 && 
o^Jf^ (square wave) -£&&o d©M^l±N Fourier fPflr£ J: o TM&i& f 0 , 
3f 0 , 5f 0 , -fr£>&£KlM (harmonics) ^^»tK 

f§ ^ ® m*m *rjfc-r*fc&N y * *p#f £ £ ^ -t &m*m ssgtft 

i/^^*o^D>^if mmfein^) ©S*1t-f >?R (fundamental 
sinusoidal wave) jeR^x (t) It, Jg|f&A N g*JHSB£ T 0 J: « 

x(t)=A cos(<zS(t))=A cos((27T/T 0 )t + 0-A#(t)) (D 

(t) fcofq-c^ftSo 

Hffi-^x (t) ©Mffi^ (analytic signal) z ( t ) fct, ^©itfSfR-^ T" 

z(t)=x(t)+jx(t) (2) 
££T% j &J*MMuT$> *K aiRm^z (t) ©dHKSP (imaginary part) x(t) 
ttH8fc6B (real part) x (t) ©Hilbert^tfe (Hilbert transform) X>foZ>o 
^FWix (t) © Hilbert £&fciu ^"CSi^ftSo 

i(t)-H[x(t)]-l/:;f^dx (3) 

3^T% x(t)fctg8&x(t ) h( l/7Tf )©ft^&^&3olT&fct>sHilbert 



-7- 



A.Papoulis, Probability, Random Variables, and Stochastic Processes, 2nd 
edition, McGraw-Hill Book Company, 1984.£fSf4£tlT^£o 
3£oT, *89£{8^©g#:3iM>&x (t) (DM^mmt, 
z(t) = x(t)+ j x(t) 

= A cos((2 7u/T 0 )t+0-A0(t)) 
+ j A sin((27r/T„)t+0-Atf(t)) (4) 
t4^?,tl§o ffltiflB^z (t) ©IS^JU?S[Sc (instantaneous frequency) It, 
&<%\t>tiX^ (5) tr^x.£>ti3o 

_J co(t)_ 1 x(t)H'[x(t)]-x'(t)H[x(t)] 

T 0 +J 2k 2k x 2 (t) + H 2 [x(t)] 

[Hz] (5) 




T o + J(t) - T 0 ^1 + A(j)'(t) j [sec] (6) 

2 

j( t )«Io-A(|)'(t) [sec] (7) 

2k 

— ^ x (t) ©IBII#£|J3I&IR (instantaneous angular frequency) w ( t ) 
(is 

w(t) = ((27T/T o )t+0-A0(t)) ' =(2tt/T o )-A0' (t) [rad/sec] 

(8) 

t'#i^ti5o tot, 5£ (7) (8) £!k M8B^y*J (t) Itm 

m-psm&mco (t) ^m^T^To^d^m^ti^o 

j(t)=(T o 2 /27T)A0' (t)=(T 0 2 /27r)((27T/T 0 )-aj(t)) [sec] (9) 



nxj&t k , t k+1 fc«*3EVN»*jat[k], t [k+l] rmXLtzm, aEGHfn* 
n*j£t [k]i:H©-ifn^n^^t k ®^cDteffliftM*<5 [k]h"TS ^ i^o 
-o(Z)jS^D^n^^^[t [k], t [k+l]] t:fcS:+£fl$Hf^Ji«a;[k]yu [t 
[k], t [k+l]] mtettts&ttfttm.MmM<Dl£"£ J f%. i otiZo 

o)[k]= {(2tt+ (<5[k+l]-(S[k])} /T k , k+1 [rad/sec] (10) 
ZZ-C, T k , k+1 »Bft)^a-o©j£^-l?D^n^^t [k]ht [k+l] ©fflOKfffl 

T k>k+1 =t [k+l] -t[k] [sec] (11) 

Sfes jitia^M(5[k]{i, SM-ifD^n^^t [k]C:&frStitfB£ 0 (t[k]) i: 

<5[k]=0 (t[k]) -0(t k ) [rad] (12) 

^TOJPS^nfcM'J^M^x (t) fcfc N a; (l) t^tiatfiiA© 
X^n+j-^ >$re&!K &*B£0 (t) fcJg*Hitx (t) 

x(t) = A cos(0(t)) = A sin (0(t) + (tt/2)) [rad] (13) 

3 mmfem^vrnm t tistt 0 ( t ) t± N b#£ij t ©^sibx ( t ) 

hig*§A^e>s 5iiES (arcsine) Hgt&flH^ 

0(t) = sin" 1 (x(t)/A) - (tt/2) [rad] (14) 

-C^nSo fefcU MjEKMittt. -7r/2fr£ + 7r/2©*6ffi©ffiffl&ffl^ 
TSl£*l3fctfK a (14) ttniM 7Tfr£> OOfBfflN T&;b 

>^©iz:t»±A s !9^^^^V^-r^DAL-Oo tot, S*:^-* >$ftx 
(t) <D±-t>±&*)liu>7U7>j&\ztt\sX, M-fe'D^n^^t [k] 
Si tiffin 

x zx [k] = x (t [k]) (15) 
t-tZt, t [k]lz&ttZ>mm<f> (t [k]) !±, S (14) J;i), 

0( t [k]) = sin 1 (x zx [k] /A) - (tt/2) [rad] (16) 

&fr£>, t k (t k ) t± x 
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0(t k ) = sm 1 (0/A) - (tt/2) =- (tt/2) [rad] (17) 
tfe3o lot, AL^±^D^fn^D^^t k h^©»^n^nx;£t [k]©& 
fflg^<5[k]fci\ S (12), (16), (17) iD, 

S[k] = arcsin (x zx [k]/A) [rad] (18) 

il*>T#D $tt$}3 WT«s mMtlZ%ttZ>tiLmft<fl (t) B#£!l t ©igfifi 
x (t) fc^lSAfr^ MIE&0Sifc£ffi^*t\ 

0(t)=- (sin 1 (x (t) /A) - (tt/2)) [rad] (19) 
T-i!£ft&o tot, S#nlM>igx (t) ©AL^TM-tf D^D^CML 

d[k] = -arcsin (x n [k]/A) [rad] (20) 

££s liiili(5[k]ti, MJ^M-tx (t) teMtifm^r 

z(t) = x(t)+ j x(t) (21) 
tiib, Ml-tf n^n^t [k]£:fcW-£«?*f«-'§7 s -* 

z(t[k]) = x(t[k])+ j x(t[k])=x zx [k]4- j x zx [k] (22) 

0[k]=tan- 1 [x a [k]/x ZI [k]] [rad] (23) 

o£ *k i:^±/b^-tfn^D^^(co^Ttt, ?fi^n^nxj&©8$Bfju*g0[k] 
h:fct>±#&Hf n£n*j£©l»B$tfcffl--7r/2 k©M 

tf[k]=0[k]+ (tt/2) [rad] (24) 

£3<#k iL-bTft t) -en ^ dxjSCo^t 3e<^n^n;*ja©l»R$tfc*B0[k] 
£:fc£±#b-tfn*n;*j&©l»B#tt*l7r/2 ^©M 

5[k]=0[k]- (tt/2) [rad] (25) 

£JLh£J;?K mmVy*J Ck] -if D^n^{uia^M^-^m^J<5 [k] 

*m^x, s (9), (io) ^e. 
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J[k]= 



/ \ 

5[k + l]-5[k] 

T k)k+ i ^ io 



To 



T k,k+1 



[sec] (26) 



T[k]=T k)k+1 -^±^ffl [sec] (27) 

To 

(T 0 /T k;k+1 ) (Dm\Zi&MVuZux&fr%M&tz±tmM¥y$teM1rZ>M 

&ffl^&^±§-£rfi> RMSMt>*fc°-^ • W * • + 0.53% 

0 0 4°/oM+0. 0 4%£nimt)>)^ <&ofc 0 &:&\ 

si 9 & N * # fc^-oM^ttt-r atm**^ ^ ^ u->> a e,f#fe 0 

UTOSffl^feH^^SEI 1 OAWc til AH ft: lM^fcDOIfVT 

t^ofeo -tjei i o b izjji-rmmm%:frt>s ffijEmzm^te^mzMmm* 

^©£j}Jgf±*h&3 0 EI 1 0 B(DMXi±, Z (D$&mte Xfilt, 1 

JIi$feD0it>7'J>^8^^>b («#JS#rtiifc4) ©h§^j8%, 3# 
-T > h (jlfU^^btb 1 . 5 ) ©B#&,^ 1 8 %<Dmm%ffijET*g% 0 
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co-lfn^n^ • it>-7°;i/^l]x zx [n]^^3£^-if D^nXjSJ:S»i^ 
®-t£u£n:Xj&©ftffliR^?!l(5 [n] £©&*Si*M^"JS [n] 

*>e>5£ (2 6) © ( ) i^o^icj; Dsaj^w^cjsiaB^y^m^j^ffi^-rso 

JB8^y*&#&£H#©M»JfcJu mJSJ8 (m=0. 5, 1, 2, 3, •••) 

J:lt*)J;K^i!l m=0. 5mmthX. &%±ifi*) (ZtzltiUbTft D ) 
n*n*j£ ~F#*> (£&fc*:£"£-t# !> ) ■*? n # nx^^oOTIl 

i mm tLTM® tz±$mnmm^x (t) ojs&^y^stffcj [n] ssn 

ft/Mfi©M&^ti^*i3£ (28), S(29) H «t t) WrW't Sui:Ci^ JUKBi/ 
Jkms-J^I^W [sec] (28) 

Jpp = max(J[k]) - min(J[k]) [sec] (29) 

k k 

&t!J!0^y*^&T!^bfcJ^^y*©fc* A (01 2A) 

©# iW>^-;\*;v • TJ-^JWMfehfctZ h ^ A (01 2 B) hltit 
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= 4 5 p s^iEbl^-ffiT-fe^o Ell 3 tdfctt^Jp, ©^g&4 5 p s^MiUth 

tzo z®mmJ5&xM®tzmzwMt)$ , p-&^<> mi 2 a, B&ctrai 3t^t 

J cc [k] = T[k+l]-T[k] 

= (T 0 +J[k+1]) -(T 0 +J[k]) [sec] (30) 

= J[k+1]- J[k] 

Til£ti3o tot, ±^$J^£tifeM|fi|J^y# -r-^OM^^i:^ ^©- 

mxmtm'hmom^^n^n^ (3iu(32) Dtm-rs 

• \y * • -tM #;Wi9J8s?y#cDRMSte J CC)RHS £tr— ^ . 

Jccrms-^J^JccM [sec] (31) 



J CC)P p = max(J cc [k]) - min(J cc [k]) [sec] (32) 

k k 

tt*C&<x ^©ffe©fB^-©^^^ffi^t^7®ffl-r^^ J:^f§5o 

;wb) Lt^x^mmmy ^ ^^mm^mmhx^^L, Ti-uy<D&mfem 

^Wlilt 7tn^7^;v^t,fcot'& < t^u t^*;!/? (digital 
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filter) k:J;oT&£^U 7 — Ux^gi (Fourier transform) $ffl^TV7h 
^^.TUfj ctv^o £fcs T±n^fS^©nm<bt{i^ji^AD«Ss 7 s 
^#-f1f (digitizer), • V>y°V • ^>t3XrJ — 7°£fflV^©^ 

lit bW 

iS-r^^li^ai (phase modulation,PM) Lfe««gT'MJ^{S-%®Sii>I 
^IH (amplitude modulation, AM) D l^§JH^^ y # £,^1^ tji^f S 

•7— U Ji^^T^^o^^d 3 h^t^So^ts F F T (Fast Fourier Transform) 

iiCfcC. EI 1 6 iZfrsirMmkZftfzWMmm^x (t) £ F F T \z «fc D 
mfM^©fB-^X (f ) t'»1-^o Ell 7 13, gft^nfeifX (f ) ©^7- 
h;i/£^iTo (a-^-X (f ) ©S^MtS: (d©^iJT'{i4 0 OMH z) 

^©M^x B ,(f)*iai 8^^1-0 mmz, ft®&m£titzm^x w {t)izMFFT 

(inverse F F T ) £51 iT Z hCJ;^ ^WJPS^nfc^rafl^©fS^«x BP (t) 
4i^3h^^?.o ^$iJPM^tife^F^^^©«^«x BP (t)^EIl 9l;^to 

^i^fflMfcWx (t) ©ft*{8£ l 0 0 %i^;k S/jNffi*0%b 
^Ul/^U -if D7n7©l/^^ bT 5 0 %U^)l(Dm^rmV (5 0%) 
t5o x (t) <D&m b 7 frfex ( j - 1), x ( j) t5 0%U 

^;VV ( 5 0%) t(Dm (x ( j - 1 ) -V (5 0%)), (x ( j ) - V ( 5 0%)) 
£-e*l-£ft#«K ^f)iIitL?»0i (x ( j - 1) -V (5 0%)) x (x ( j) 
-V (5 0%)) £tmir£o x (t ) ifi5 0%l^;w o^H'o^nx-^ 

)\sitm.tyz> t m^^>r;i/tf©v (50%) ^©^ (x ( j - 1 ) -v 
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(5 0%)), (x (j) -V (5 0%)) (Dft^&nfrblE, ^tzltJEfr^MttZ 

mmmtffkt-&-otzt%\±s x (t) md^x • v^ivitmw^tz. 

Z.b\Zt£*), *©B$j&£:fctt£^>:7;H6©V (5 0%) (x (j-1) 

-v (50%)), (x (j) -v (50%)) (Dmftmv'h-a^teovmm j - 1 

U 1) fs-^©ifi^^^[fg (multiply by a constant) U 2) &£>frb#)#itf) 
febt^ (threshold) ffiVthl £ D A^ b § WB Vth 1 hitlis 

3) fc£frfc#>$fe#>fcb£VMIVth2 £ D/J\£Wa-*f{ifiS±b£WiIVth2 
&;t£c: i: 13 £ t>frfc>ft5o b §■ Wtvth lttb£v^ffivth2J;t>:*;# 

(envelope) Mbtl^I^^ AMjEft#©#£#fc;&»£o HI 2 2 
fciu * U yy"^m^ «fc D * u y:7£ftfc*n >^It^to fOT«&-/£© 
^!S$l&^bT^£;fr AMfi£## s l&frnT^£©£5if^§3o 

V ^ A (D m £ m t EI "T & § o 
EI 3 lit^D^n- 7(; «fc£^y *«|J£gd — $J£^-f EI 

EI 5 A ttWtSj^M^© Sr^^EI^S^o 

EI5 B(±EI5 A('^bfe^iiJ^ft^ffij^^^^^©^^J^^1-El^fe^o 
EI 6 (it*©A^i: «fc S ^ y#mfe<oW&m$L*.^-?-7u y 2 m~e 
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Tcmm v y $ ©— tx—^v >yv> vm. t © wf&$i & ^ n^n^-rm 

"?! <J?> & o 

m i i i*&mM#uy#m^<Dmffivy9&B<D-m : &&tw-£&Zo 

=? A © — $1 & w "Till tr & & o 

t> zti^nmfe $ titzmmty y $m%&m-r& mx° & % 0 
m&w;irm-£&& 0 

Vv9<0\L7» h ^ A© — 0>J£^1-0T?&£o 
0 1 7 fc*F F TtJ; Vmbtitzffi.Wfem^VsiU-X^Z hJV(D-mtmtm 

mis \±fti&fflm£titcrt i 7'-x'<# h;v©— m%mirm-e&z>o 
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ei 2 o a: wmmn^r © mx m n * n x ^ © -09 & ^ -r in -e & * « 

EI 2 2i±AM^#&££&MMJ^n ^^I^©-i^^t01?^5o 
El 2 3{iC©^W©^y^«l^*©«ltgfl|^©-^^^'rE'T?&So 
EI 2 4 {±£©fPJ3©^ y#ffl%.fi&(D—M&7fiir7 n— — K*ISo 

iii 2 5iiu®%B^©i/i/^ «a^sa ©«tiflifiK© so © -$i & * -r 0 t- & £ 0 

El 2 6 }± C (D%W<D*J y $ fflfeft&(DW}<D—ffl*7Ti?7 n — t-htfe5o 
EI 2 7 {±0 2 3 (fCffiiKIISSl 0 4©^fg«^©-M^^-TEI-efe?)o 

ei 2 8 & in 2 4 # -7^:7 2 o 3 ^&.mm^m^mo-m^ty 

EI 2 9 {±0 2 3 4>©msmMm^l 0 4 ©«|g*$©SiJ©-0!!£^1-®Tf & 

§ o 

EI 3 Oi±0 2 4cf3©X^^^2 0 3 ©fuffiilMJf £;5&©8iJ©— fll&^-T 7 n 

EI 3 1 {±0 2 3#CDj^aB^y*#t£S&l 0 5©^f£*M©-H?!l&^f-0-£fe£o 
EI 3 2 {±0 2 4*P<DZ ; ry72 0 4 ©JHHJS/ y^it^^CD — m^mlry U — 

EI 3 3lii2 3»t»©«ISB^^^}|^Sl 0 5©^fga^©SiJ©-^JS^-r0T» 

S> o 

El 3 4 {±0 2 4 4kd*^ ^7*2 0 4 (Dmmi? v *m%.ft&(Dm<D--m&w;ir7 

0 3 5 {±0 2 3 rp<D#mM7&7 <f 1 0 3 ©TO«^©-$J£^ <r0-£&3 o 
03 6 {±0 2 4^©*^^^°2 0 2©0i$iiii:7^;i/^ U >^&©-$)£^ 

0 3 7 {±0 2 3 rpcDmmmm? ^mio3 ©Mfg*^©s'j©-^j^^-r0-e 

-2) o 

0 3 8 {±0 2 4^©Xr^7 2 0 2 ©^M3l7 4 )),# U >^#&©S'J©-#!i 
03 9AliC©^tj;5$;>^ $J/£$IS© MJ^ft^© A^#©#J©#I^ 
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$i&^-ri2iT»&£o 

039 c&^(DAtiffifr(Dmzm<Dmmm%frsirm~z&z>o 

i4 0Aiii3 9 Aizw\sfc\j3®ft<Dmm^m&jFir7u—3 Lj *- v o 

04 0 Bli0 3 9 B lZ7fsLfz\±lffifr(Dmm^M%mt7U-?-^- b^foZo 
04 1 &0 2 3 *<DfflmVy*mM&l 0 5 0$H«J$©£ e>KSU©-0!|£^ 

04 2&0 2 4^©* 7^7° 2 0 4<DfflMi?y#mfeJjfe(D2t>\zm(D-'m* 

02 3 (is c:©^^©ii^^ffl^n*^y^sa^a©fli^©-^^^b 
&mm$#z>&WLmm7 * ft* i o st, ±tmmmmy ^ 103 &Miib 

feM-^o^-^n^n^^lcijfiv^*^ («l-t?n ^ n*j£) t [k] (k= 1 , 2 , 

6 [k] vuzuxmrnm^-zmmd [k] £;±a3»^ u^ux 

[k] :fc£t>*^n^n;*[$OTPg^iJT k(k+1 ±SB^U 1 0 2Ct&*fl£ftfc 

**^SBT 0 *e)*si^«-tcDjaa!^y^m^j j [k] (2 6) cj; d##>§ 
j^sa^y^at^ssi 0 5 ±ffimmvy9mmj [k] #A*£*is mkh^* 

#^|JJ [k] A^±IHM^ff-^ffi^^^^^i6^^^^l^m^l 0 6 \Z 

^©^^ (29) £«fc t>##>£tr— ^ • y »> • b?— *&ami 0 7 ts mmv 

y$%kWU [k] ©— 3i¥*9ffi&5S; (2 8) IZ X DSf-Wb^^^ORMSfiS* 
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&£RM Soffit! 10 8*:, mmyvtmn J Ck] (DM7, h^A£3<tf>£ t 

^ b^Ai^si o 9 ts ti;oti^tit^§o £fc, ftmMmyjfr* 

10 3lt Tj-usf? 4 )V#X&^i?$ )17 J )]/$X& M3 5&fc\±m 

X^o j^a^^^^fi^tll 0 5tt N 03 1 £££03 3(^^1-^^^ J: 

^^^^o tetlMMIf 3£« 1 0 4 # N X5Py^2 0 3 iz&UX, ±SH^ 

fiftM?^ l o 3 %MMLfzmn(D&Vnpux&lzm^m*& (t&U^u 
7u7&) t [k](k=l, 2, 3-) £8t5£U ±S35aiX-tfu^D^^i:MiJ 
^i^-©-tf n^nx^©{ulB|SMd [k] -IfD^n^Mi?-^^ 
?|J<5 [k] fc±IBj£iKHfD^n^^^(Z)-yD^n^l^KKPSm9UT kiI[tl S^:«>5o 
HSB^f^itSl 0 5^ Xf^72 0 4J3;t3^T, ±IB-fe*D^7DXte 
fflUMJf^S&l 0 4^J£££ftfc^n£a;*&ffliBM^— *m?!l<5 [k] *j<fcV 

-t? n^^fafapB^jT kfktl ±§5^^'; i o 2ttsi^nfcsmiT 0 ^ 

^MJ^M^0MJ$^^l^[J J [k] £5$; (2 6) Silbtl^tSo ftm 
(3, y-^ftMl 0 ^r^72 0 5 £:fe^Ts±iejiJ$^^^!jJ [k] 

^72 0 2(t 03 6 £fcli0 3 8fc^?-^JII£fc'fc^Tfc «fct^o H£d* 

nx^ffiis^^— # mm&mfe-t % ±m*^ v y 2 0 3it 028 *fc{±ia3 0 
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* • K-^iasi O 7i±S (2 9) $%-fev^rMSB^^^©tr— ^ • • fc° 
RMStliJil0 8liS (2 8) £%t>^TJ3J8^y*©RMS 
ffi^sRtos fc* b^AJ£^#§l 0 9 «^Bt)^^M$^-^^6 b^A£ 

W^-M— 9->7'J (»*M^^©3fgJ^±©JH^©-y->^U >^*) £ 

•9 o 

&JH8!^y*m#l(? [k] %Ati£L, ^(Dmfr&B*^ (3 0) fci&tf-JIU 

-t^ >?))/ • y * • ?)immi?y$mnj cc ck] ^m^aiM ^ • y -> • 
4 ^)vmm^^^m^3 o 1 jm^^jf^i o 6 ^ • 

y * • ■y-'f ^;mK§^^^«i^si3 o 1 ^f,0ffi^^?ij^M^-r§^^ o 

m4b(Dfz&, mm.t%n>ft(Dmm±^-?z> 0 zcDtg, vy#&mmi o 6 a, 

MJSI^y^^JJ [k] SfctttM Z)\<- y * ^;vjaSB^y^^JJ cc [k] 
A ) & 5f< <#> -2> 0 
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frmzit mm u &mMM^<D-v- << >? )v • y * • v j t )imm v v $ mm j cc [ k ] 

^«)5Xr^74 Olt ^y^tfcttiS 1 0 6#;*>f 0 2 £1M ^iU • 

y * - V^ 2 KfflMV y *m%.&3 0 l W;:#Jb£«li^ ±iB1M \y ^ • 

im zjimnvvtmn j cc [k] fr^±SB»j^f»^©+f-^;i/ • • 

. w • hT — ^tfcffiSl 0 (32) *m^T mMP V $ © • y 

* • t?-^fl£;&#> s RMSM1 08K (31) £JB^TJaSH^y*CDR 
MSISt^ fc* h ^ A#£5£Sg 1 0 9 (4l»^JilSa^JA»f> h ^7A§f 

mfetzmwtLxbmmx'gZo zot^, mmzmntzx-i ^3 0 2& 

;W?SI&:y y*©^&8t3£bT*> «fc^«, mmvyfmmd [k] 

i2 7ii, s^^m^b 1 0 o-nm^tbtizitLffimmmfemi 0 4©^© 
-ui^it^So mnmmm^mi 0 4(± s ±hb^m^;i^ 103^1 

i«r-^©»*t>7ij>^u M-fcfn^n;* • 5 s — *^Jx n [k] = 
x (t [k]) £ N gf^n^n^t [k], t [k+1] flo^n^nx^ffl 
IWPH&#IT k . ktl te&tit&VuZux •t>77 5 0 1 J:s ±fa-t?n£n;* • 
>7°^ 5 0 lT-^&^ftfc&^-trn^nx • ^-^fljxn [k] #A#£fu 
jfiM-tfn^nx • ^-*x zx [k] fr^^-tfn^n^t [k] tWlMfem^ 

ovutux&ommms [k] (is) x\± (2 0) d <t d n-n u -t? 
ut7uztfi.mm&T-*%kmd [k] sw*-rsffiffi^ffl-a¥«i5 0 2 
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ttb#>£s Mu&UX • it>7°^ 5 0 1 #\ ^r^7°60 lll^^T. ±130*$ 
M:7^r;i^ 1 0 3£ii»LfcM-Jf©-en*n;* • * y >f\z.%_wm^-$ 
®^>7U>^U jfi^-tfD^D^ • r-^^Jx n [k] =x (t [k]) 

§*^^>o mz, -ifn^nx • itvr^ 5 o i axf'^e o 2 t^r-en* 

^m^'Jt [k] *©l£#m?!I&ff-JI"r b-if n^n^BtPJKPB 

^^JT kjk+1 =t [k+1] -t [k] £;&#>£o g&fc^ te*Sll^ff-3f$l5 0 2 
Xry76 0 3 M&l^Ts ±§3-t? n^DX ■ it>7°^ 5 0 1 tr;K#)£>ftfc}a 
MVutvx • ^-^m^'Jx zx [k] fr^»X^n^nx^|£$iJ^{i^©-tr 

u?ux&<D{M.mm£*s\-w-Vs u$ uxmrnmrr-zmms [k] 

V^Ts -tfn^DX • y-yy^ 501lt ^ (11) &m^Xi&M-Vti>7tiX}&ffl 
$ttbZ±mx : ry7'6 0 3\Z&^X, ffiffllRMtHfttfc 5 0 2 ^ (18) £fc 

{« (2 0) *fflv^•r^£^■^?D^D^^t■^fD^^^^i:0{^LfflPMs^K)5o 

S (18) xfcfcsS (2 0) §ffl^TSfflIi$^K)l,t:it MJ/£«^x (t) 
#IE&&T?fc^«^J±#*&i3fl:7 >r 1 0 3 lc«fc b IE3««^;: < 
ASfeSo &:fc\ S (18), S (20) \Zj8ttZMMA\t&mMM7 4 1 0 3 

EI 2 9 tt s i?>^38S8Sl 0 0 T?fflv> kft£titfH8llilfr£Sg 1 0 4 ©M5£© 
S'J©-«^LT^3o £©flrtBSIMJf5£§&l 0 4fcfc, ±sB^M3M7^;v^l 

M^n^nx&fR^-^fllz (t [k]) =x zx [k] +jx zx [k] (j£ (2 
2)) *mfe-rz>o £fcs te*@^Mtf-»t§5 0 2fcfc, ±833£fM-tf n^n^itf^- 
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zmmfrzvutuxiifflmm^-tzkmd [k] (23), ^ (24), ^ 

(2 5) %^nLTM®Z>o 

±mmmmmy 4 jv^ 1 0 3frbmbhtz±^Mfflm2ntzm^*&m&L<DM 

mm^z (t) t^itSo €n^n^-lt>7"7 5 0 1^ Xt^t^S 

0 2Cl:£;^-<^ 0 ltii^nWif z (t) ©Htfcg&x 

(t ) n^n^ • ^ ^ >^t?av^g?tjffH-^^Sff$7 :^ -^*f->^U > 

&X^u^uxmm^"^m^lz (t [k]) £jf^-r£ 0 -tfn^n 

x-it>r^5 0i», ^f^78 0 3 iz&h^Ts y-yrv yygtitz^utu 
xmm^—wz j ^ >^mn t [k] ^^^s ^(D^mm^w-r^^tiz 
& bvutuxmmmm&mT kMl = t [k+i] -t [k] &;&&3o 

{u*H&Mff-^g5 0 2tiK X5^7°8 0 4 £:&^T N ±SB"tf n^D7 • it > 7°:7 
5 0 l^^^^n/r^-tfn^nxit^^-^m?'Jz (t [k]) *»£#jeteH?n 

^-^^ys [k] ^isbs mmzmrtZo 
±m^mmm$ntcm^%mmwL<DMffim^z (t) nw^^r^rso 

I3^^^^°8 0 3 (i43V>Ts -t? n^7 • 50 lit S (1 1) £ffll^ 

T»X-t? n^n^^^cD-tf n^n;*BlFraPHT kik+1 £*#)£o -ifn^n^ 

^ (23) %m^^xfoM^u?ux&(Dmm®.m<t> [k] ^ (2 

4) ££&5£ (2 5) &ffl^T»^-*f uZux&t^utux&}i<DiiLmWM<5 
[k] Sfto^o 

111 3 i&, i?y*MM&wi 0 o Tfflv^ ^ tizmmv y ^m^m 1 o 5 comm 
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mmT 0 t^wMmm^(Dmmmm^nT [k] ^^^>mmmmm^m9 o 1 
mmmmm^9 o 1 -emMzntz&mmmmmT [k] t±%m*mmT Q (DM 
%$Ltbmmyy*m] (£ffiiEmmvy*m\) *&t}-rz>m*mmmwm9 o 

^u^u^mmmmT kMi (Dkt (t 0 /t k>k+1 ) tiitauttj:^ n#£<fc£ 
mmvy*%mm&tiiEir2>mmvy*mmmiE&9 03^ ti^ti^n 

n^nyUAfgilMJt^tl 1 0 4 tl^^ tife^ n ^ d xtliiir-^ d 

[k] t, ±8B-tf u?ux • -t»->7^ 5 o i fr%mt>titz-tzu?7uxmmr3m$k 
MT iM1 t, ±ga^u i o 2\z%m$ntz&mmm^(D&*fflMT 0 fri3%Lmfe 
m^(DmnmmmmT [k] %$t®z> 0 mz s m^mmmmm9 o 2t\ 
n o o 2 m&^-t, mmmmmM^9 o mm^ntz^mmmmmT [k] 

^J3tIEg&9 0 3tK ^ry71 0 0 3 t^t, ±1BS:£J1$JMI¥^ 9 0 2 T» 

mm*&TtZo mmm^ommmmmnT [k] ^5±iB^ry/i o 
o nz&^~c, mmmmm^9 o n« (27) &ffl^r»i8M?ii(HT [k] * 

<Dm<D-m%^LT^z> 0 comm^yzmfem 1 0 5 ±i3^n^n^{4*a 

S&M^-^^Jtf [k] ±IB»X^n >7 n x • m^J©^>^ 

mnmm^nco [k] (10) (Dmw^^^M^^mmnm^mm^mi 
iou, ±&mmnm$i&mma> [k] t±mm^mmT 0 i^^mm^^^mn 

J [k] £iS (9) ©tmt.fc^&affiJB^y^imsi 10 2 2;, 
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3MB£^bTV>£o ttb&fcs PB#^J^Mt 1 1 0 1 tiK Xr>^71 2 0 

i iz&urtm-eutuxmmmmfe^ i o 4-T!ji^^tife^D^n^^im 

m^—fmnd [k] ^ ±8B-tfP^n;* • it>7°^5 0 lip^^nt^n^ 
n^l@MraiB^JT k>kH fr£«^fi^0l8l$£Jlll&»m?!la> [k] £*#>3o 
J^S8^y#tmS&l 1 0 2fiK ^r^71 2 0 2 t&^T, ±§EI»B3tfaJi 
MI^l 1 0 1 frf>»£>ftfcl»l$£Ja&#^J<u [k] i2±BB^^U 10 2 

1201 cjm^ mmftffl&mmfem noiiis (10) zm^xmrnnm 
3=^ mmnmmm.%kMaj [k] ^mj^m^mixi^^ j 

[k] &3<#>£±H3X:r >.V7°1 2 0 2 £:fc^T, Mlflgi? y * ff-Jfgg 1 1 0 2 f±5£ 
(9) &fflV>TJlSB^y^^^IJ Ck] %$Lfo& 0 

El 3 5 i?>^S!SSIl 0 0tffll^ti^Wl7^fM 1 0 3 <DMm 

(DmmzmmTzmmmmmm^i 3ou, ±s3MiMfi^^m^i 3 0 1 

fMMi 3 0 3 iz&-Dxmi&£tix^% 0 m^mmm^m^i s 0 
zFmmmm&WL^ 130311 zn^tiF f t&&&mf FT&m^xm&^x 

^ffom^cDmi^mmir^o m3 6 iz^o^mmm^momm^m^^hx 

mmmmmi 302^ ^r>y7i4o 2^^^-r, sift^fL&MSEiK^©« 
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|H§§1 3 0 3#\ 7r^714 0 2>\Z.M\^X, ftWMUZfttznfcWLW&®^ 

12 3 7fcfc, ify*m%.&m 0 0 f, tiZftm&M? A 1 0 3©«fig 

©£'J©-$l£^bT:i^o ^©MjiS®? 1 0 3 {is »J5t«-^£^-T 

S^y77^ ; E , J 1 5 0 1 My77^ ; EU 1 5 0 Id; huMD tfi 

T^WJIESl 5 0 5 tv ±SB^WJPS^l 5 0 5 ©ffiTj £B#fSfM©fB#k:M 
£*fe?-£l#IWM#£ife«&l 5 0 6 hs ^©Bf^Wt^^tifeM^iBB^M 

J5fc£ftT^£o ISSElSt^^Sl 5 0 4£J;OT^#U$»^1 5 0 6I±, z 

in 3 QizTFLtcmmmm? j )\s$ 1 o 3^^fflbTWij^#^-©0^M 

U5c i±bi6£ N Xy^yzTl 6 0 lt&^T. MJ^fa^&A ^ 7 t ^ ^ U 1 5 
0 1 Cf*tSo 7 s — *SiRSSl 5 0 2 6 0 2 tjS^T. 

5 0 3^ ^t^7*1 6 0 3(3^5V^Ts m t> ffi&ftfcfiB#M-5£®Wi»:£ 
m^-TSo 5 0 4/^ N 7;r^71 6 0 4(:i5l^ jg 

H^^m^^tlfegP^B^i- FFT«U fOTffif|6©«^£JMM^©fB-^ 
iltfttlio &t'^MJPS£g 1 5 0 5^ 7x^7*1 6 0 St&MTs 
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(Dm^^vri 6 o 3-e^bfe^Mm©m^^»b, mmmm^ntzm 

£H r-^I^Sl 5 0 2^ Xfs»7 1 6 0 9£:fc^T^ M^T^t'Jl 

5 o i «fe t)m^&m®MbM\stzfr£-ffim&$#te&bm&mQmhrc&. x 

7^71 6 0 3, 1604, 1605, 1606, 1607, 1 6 0 8 ^BbM 
EI 3 7 kL7FVtz&1&MM'7 J 1 0 3&OT3 8 t^bfeMM^ ^ 

mmitms 5 t^b^TOM:?^;^ 1 0 3&um3 6 n^bfc^jia^^ 
^^^a^n^p^M-r^cfca^bfe^^^feo-c^ jii^iwi^i^ #*s$J 

0 2 3 WHI2 5 f^bfc^y #$!l^$!Bk::fe^Ts 111 3 9 AK^-f <fc "5 £ A 

^ Mm^iz^mvxmmmMm i o is?>"faii7^;i/^ 1 o 3-\#t|&bT& 

«fc^o ADM17 0 Kill ll^ADti^ (digitizer^ 
13 2 5 fci^b&^y ^J^S^&l^ 039 B £ "T «fc 5 £ 

fc^FJ^^iibTJSIM^i o lsv^iia^-f l o 3^&mvr 

Ztltttfa* y *MMfiWi&m2 4&T5EI2 6 7^:7 2 0 IT" 

®^JiI^T 0 ©^t5fe3i^,I2I4 0Bt^n5l:^rs;7 , 2 0 0 1 t«7tn 
>0A*«^©16^SII^&.ffiffiSii^*ffi^bfc«^^t-fia<J:v , >o 

El 3 9 C£^-r«fc5£8tfl2* iJ^;U9 0 1 ©^XttBU^fc AD« 1 7 
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y*)vm^fc.&&Lxmw&fe&i o ijkvfmmM? ^ frv 1 o 3^^1-3 

^ * ; v f a ^ © * SI £: » n ft * 5fc Id ff o T % J: v ^ o 

i4iit z(Dmw(DnMm"zmm£tizmmi?y*mfe&i o 5 
^sycD-M&^bTi^o uOi)d$;>^i^i o 5ti N Ml^^^'Jif 

fS<£*S3l5fl7-f 2 10 1 %mMT%Z£%m^T, EI 3 1 £^bfcJ3J8^ 

i4 i izTFLtzmmv v # mmmfem i o 5 hMjs«jai£^ 

2 1 0 l>D^^y^^m^J©i«MI^^&m i 5lt<X^^r2 2 0 1 lt 
0 4 l&tfEH 2l3^bfe«totfi*Sjia7>f 2 10 

S*MIM©2^©1 £D 1/ (2 T 0 ) ISht^o 
±IBf£^aM7 ^^2 10 111 EI 3 3 izmUXm^ «t a £JSSB$> v#m%. 

0 3, faai7^J^I12 0 2 ^Mlt*) j;l>o 

El 2 3MEI2 5lz^XP^^^mmi 0 6«u b°-^ - y & . lf-^aj 
#§10 7, RMS^tBtSl 0 8M't^ h^A«tJg«l 0 9O'Xh*-ot 

e^-o^t©-^ <tw mmzm2 4WE12 6\z&\,^xmmv 

rnikw 4 2 & - v -iw ^;i^j$^y ^ffim^MJi^ft^ftt:--^ • y * • 
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£ 1/— A 



1 . MJ^ft^©^y#£$J^«^*^&oT. 
± IB MiJ^M n v n ^ j£U;:jfi^gl#j&£jSfcHf n # n 
(approximated zero-crossing point) hLT>£&s ±ISj£^"t?n # n ;* 

^jt*5(ftffiaftHJi^S (phase error estimator) t N 

(period jitter estimator) h^MMir^ 0 

2. # 1/-A 1 ©SB£:£^Ts 

3. £ I/ — A 2 ©^BJC^^Tn 

(cycle-to-cycle period jitter estimator) &M1Jm~i~ & a 

±33 ^ y * ^^J § A* £ b s Z<D*Jv#%ni?t> ^ © ^ y * fit § 

y*tfctfJ8S (jitter detector) fcRfl-TSo 
5. £ i^-A 2X&3©^S^:fe^Ts 

(zero-crossing sampler) h N 

It, ±IB-tfn * n*(ftffliaM7* — *^J&ffl:fc?-3ifcfflglMir»» (phase 
error calculator) t: £ tfi X. 2> o 
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6. % V — A 5©^fi£:£^T N 

X • V->7°^^@i%n1r Z>#1lftM*3&&& (analytic signal transformer) 

7. ^ 1/-A 2 3 ©^Bt^^-ts 

t3M-t? n ^ a x j&CDfigpg i: s ±83 -tf n £ n ^ QUfoWM 1 ?-* t: £ ±I3MiJ£ 
m^(DmmmM^n%$i& Z>M$fmmMfem (instantaneous period estimator) 

%kM&ii4t!~tZ>M^fflfflffl>W^i (fundamental period subtracter) ±IB*li 

IT, MjE%ft^T±mmMPy$&n&m&mMVyf?$ i mffijE^ (period 
jitter sequence corrector) k.3tM%-Z>o 

8. # — A 2 £fc&3 ©^B^i5^T. 

±iaS^^^^«I^S^ ±SB-if n#n*ffiffl38^-*^J#A;fr<*;ri> ± 
S3j£^^ n*n*^cDHH3*: ±83 -t? n^nx ffiffllRlf- ^ ±S3*«I5£M# 
©l#^£ll&gfc^J&:fc#>"S»B#^ja?ft8fcJli^& (instantaneous angular 
frequency estimator) i:. ±I3l»IStfSJS&»aS?y ^±f3S#JlJ$/b> £>±§3J1J$^ 

9. ^1/-A2lfcli3©ltt^^t, 

±HB^I?i7^^lt ±33MiJ^fS^^Jl^miIfcl6©M^^^^t-§jil^ 
tBtfSJS&SlfSr (time domain to frequency domain transformer) £^ ±SSJH$g$fc 

mmmm (bandwidth limiter) ±IB^»JPSf§©m±l^^P^fI^©M^^M 
^Slt"*^F®fB*S^JftS (frequency domain to time domain transformer) 

10. — A 2Xtt 3 ©gEfc::}3^"T\ 
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1 1. # U — A4©^g£:fe^Ts 

±13 ^ v * tfcamte\ & ftfc * * !£?y £: «>MB i: £ * to & 

12. ^l/-A4ffiiIC^^ts 

±f3^y**ftaJSm. ey££ftfc^y#^J®— IIWM (RMSI) 

13. £ i/ — A 4©gjB£:fcV , >T\ 

5 A3f^§gT-&&o 

14. ^l/-A2Xli3®iEt^Ot, 

15. ^ b-A 7 (DmWlZ&^T, 

#J £ & ^£ JS! £ & * -t" £ &5fi 7-f;i/^^Cim. 

16. ^1/-A8 ©^ICJj^Tx 

iz V % mm %Lmfr & -r 3 i&mmm 7^^§$^i:ait§o 

btlfe, * © j&i&H? n^D7 ^ £: ±13*81 5£M^©-tf n * n X ^ i: <DmmM 
18. ^ A 1 7 ©^fSfetC&l^T^ 
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1M ^JSJtH^y^^J&^&a*^ ^£#1"£o 
19. i?l/-A17Xlil8 0^t*^ 

2 0. # 1 7 1 8©3&ffi£:fc^Tx 

±l3^@ilM^-^?iJ£Ji^t-3X^y^tt> ±§B#SSfMIS£ftfcM^0-e 

2 1. ^ I/ — A 1 7 1 8 0^^^*5V^Ts 

^D7jS a MJ^M *%<D V d * n x ^©titfB&M & b > ±S3-tf n £ n x 
2 2. ^b-A17^fclil8©^a(:^^t> 

±l3jH^ ^ y * £ 3 * rv ±8BM-tf n * n ^ i^©ii £ ±13 
2 3. ^V-A17Sfciil8 0SS(:i5^t, 

±IB^SB ^ y * ^#1 3 * ^ y 71*. ±B3M-t? n^n^^oPlli: ±13 
2 4. * v-A 1 7 g;fc« 1 8©7?}££:fe^Ts 
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2 5. ^ U-A 1 7 1 8©#&K::fe^T. 

2 6. 7^felil 8©MH*^ts 

wmMm^ © m*mm & * #> & x ^ v y & mir & „ 

2 8. 7 l/ — A 1 9 O^CS^Tx 

2 9. £ i^-A 1 9 (Dl3mz *5^Ts 

3 0. 1 9 ©^^(z:4oV^Tn 
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3 1. £ V — A 2 2 ©S&CiSl^ 
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&m n & mmm m. b x * © m ?a© ^(D^mmm 

IiJ ^« ^-©-tfn^nxjSh© £ # b T -tf n * n ;* {ftffl gIM 5 s — * m #1 

(5 [k] £3c#>, ^©i?n^n;M£*@mMx-^ ^ »'D^nx-r-^^ 
^©■9->^U >^P^PST k , k+1 ^feWJ^ff-^©^^Mm^^JT (k) T 

T 0 /T iMl %mnisXffiiEirZ> o 
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